A prospective study comparing standardized non-bronchoscopic bronchoalveolar lavage (sNB-BAL) and nonspecific endotracheal aspirate (NsETA) in the microbiological diagnosis of pneumonia in mechanically ventilated patients is described. One hundred episodes in 82 mechanically ventilated patients with or without radiological and clinical diagnostic criteria of pneumonia were studied. NsETA and sNB-BAL was performed on the day of study. Fifty-one patients had pneumonia (21 ventilator-associated, 12 hospital-acquired, 18 community-acquired) and 49 had no pneumonia as defined by widely accepted clinico-radiological criteria. The sNB-BAL was found to be significantly more specific (0.73) compared to NsETA (0.35) for the microbiological diagnosis of pneumonia. Colonization rates with NsETA were significantly higher compared to sNB-BAL (P value <0.0001). No patient had complications attributable to the sNB-BAL procedure. We conlude that sNB-BAL is a safe, effective, sensitive, specific and inexpensive procedure for the serial evaluation of pneumonia in mechanically ventilated patients.
Pneumonia is a frequent infection in the ICU patient, either at the time of admission or later as ventilator-associated pneumonia (VAP). Hospitalacquired pneumonia (HAP) occurs at the rate of between five to ten cases per 1000 hospital admissions, with the incidence increasing six-to twentyfold in patients who are being mechanically ventilated 1, 2, 9, 10 . VAP occurs in at least 20% of all ventilated patients and more frequently (24 to 44%) in those with multiple trauma 12 . It is currently the second most common nosocomial infection in the United States with the highest mortality and morbidity [1] [2] [3] [4] 7 , and is associated with an average increase in hospital stay of seven to nine days per patient 5, 63 . The mortality rate of patients with VAP ranges from 30 to 71% 4, 6, 7, 9, 15 and much of this risk can be attributed to the pneumonia itself 11, 63 .
The microbiological diagnosis of pneumonia in critically ill patients remains a difficult and controversial issue 11, 63 . Diagnostic criteria for pneumonia in ventilated patients range from non-invasive clinical indicators to invasive microbial salvage techniques. Clinical criteria have imperfect diagnostic reliability in ventilated patients but remain crucial for defining those patients who may require respiratory sampling 63 . The optimal diagnostic technique for the microbiological diagnosis of nosocomial pneumonia has not been determined. Non-specific endotracheal aspirate (NsETA) is the most widely used sampling technique in ventilated patients 54 . This technique is known to have a high sensitivity but also has a high false positive rate 16 , and correlates poorly with the presence of potentially pathogenic micro-organisms in the lower respiratory tract because of the high incidence of bacterial colonization of the airways 17 .
Invasive bronchoscopic sampling techniques, using protected specimen brushing (PSB), and bronchoscopic retrieval of bronchoalveolar lavage (BAL) fluid are currently considered as the most reliable sampling techniques to recover organisms infecting the lower respiratory tract 11 and are very sensitive and specific 16 . The usefulness of such techniques in routine clinical practice is, however, hampered by the potential risks of bronchoscopy (barotrauma and hypoxaemia), the unavailability of a bronchoscope on a 24 hour basis in many critical care environments and the associated cost 14, 18, 19 . Open lung biopsy is an accepted microbiological reference standard but cannot be proposed as a first line diagnostic procedure because of its risks 18, 20, 34 .
The microbiological identification of organisms causing pneumonia requires a simple, safe, effective and inexpensive method with good sensitivity and specificity, with results at least equal to bronchoscopic BAL. Non-bronchoscopic bronchoalveolar lavage (NB-BAL) using control-tipped reusable catheter, originally designed for selective angiography, was first proposed by Caughey 21 . Mann and co-workers 22 performed NB-BAL using a doublelumen lavage catheter to diagnose opportunistic infections in patients with AIDS. Several workers have subsequently reported the efficacy of NB-BAL and non-bronchoscopic PSB (NB-PSB) in the microbiological diagnosis of VAP and found that NB-BAL and NB-PSB have the same diagnostic yield and specificity as bronchoscopic techniques (PSB and BAL) 13, [23] [24] [25] [26] [27] 42, 46 . However, most of these methods involve the use of specialized catheters such as balloon-tipped catheters 46, 48, 50 or double-lumen catheters 50 , specialized bronchial catheters 21 , mucous aspirators 42 , and catheters containing a sterile brush and plug 28 . Many require radiological confirmation of catheter position prior to performing the bronchoalveolar lavage 21, 27, 46 . Moreover, the NB-BAL techniques have not been uniformly standardized 63 .
We proposed to assess the efficacy of Standardized NB-BAL (sNB-BAL) in the bacteriological diagnosis of pneumonia in ventilated patients using a simple and inexpensive purpose designed 12F sNB-BAL catheter.
MATERIALS AND METHODS
This prospective study was conducted over a sixmonth period (February to July, 1998) in the ICU of Westmead Hospital, Sydney. This is a 12-bed unit with 800 admissions per year. The study was approved by the Human Ethics Research Committee of Western Sydney Area Health Service. Informed consent was obtained from the patients' next of kin.
Clinico-Radiological Exclusion Criteria
Patients with acute severe asthma, acute pulmonary oedema and severe pulmonary haemorrhage and where informed consent could not be taken were excluded from the study. Patients who were not intubated were also excluded from the study.
Clinico-Radiological Inclusion Criteria
All other patients admitted to the ICU who received mechanical ventilation were included in this study. These patients had NsETA and sNB-BAL performed on admission to the ICU and the procedure was repeated in patients who developed: a. new radiological infiltrates, or b. worsening of previous radiological infiltrates.
Along with at least two of the following clinical diagnostic criteria indicative of pneumonia: 1. Temperature >38.5°C or <35°C. 2. White blood cell count >11000/mm 3 or <4000/mm 3 .
Change in characteristics of bronchial secretions
from mucoid to muco-purulent or purulent. 4. Increase in FiO 2 or PEEP requirement by >20% to maintain oxygen saturation >92%. Community-acquired pneumonia (CAP) was clinically diagnosed in patients admitted to the ICU from the community within 48 hours of presentation to hospital with the criteria outlined above. Hospitalacquired pneumonia (HAP) was diagnosed in patients who developed the above-mentioned criteria more than 48 hours after admission to hospital but before referral for ICU ventilatory management. Ventilator-associated pneumonia (VAP) was diagnosed in ICU patients who developed the above criteria after 48 hours of mechanical ventilation. All other intubated patients who did not meet the criteria of pneumonia were taken as controls.
Clinical Variables
The following patient-related demographic and clinical data was recorded: medical record number, name, age, gender, history, clinical findings including temperature, principal diagnosis requiring ICU admission, leucocyte count, antibiotic treatment on study day and radiological findings. Tracheal aspirates and blood cultures were taken from all the patients on the day of study. Day 1 APACHE II score was used to assess the severity of illness. ICU out-come was recorded. The clinical diagnosis of pneumonia was recorded as present or absent. Patients with the clinical diagnosis of pneumonia recorded as absent acted as controls.
sNB-BAL Procedure
Standardized non-bronchoscopic bronchoalveolar lavage (sNB-BAL) was performed on all the patients in the study according to the protocol outlined below. Patients were monitored during and after the procedure with pulse oximetry, electrocardiogram and intra-arterial blood pressure measurement. The procedure was terminated if any significant deterioration in cardiopulmonary function occurred. This included hypoxia, bronchospasm or cardiovascular instability.
Before the sNB-BAL, results of blood gases including FiO 2 , P a O 2 , P a CO 2 , pH and O 2 saturation were noted. Patients were ventilated with FiO 2 1.0 and sedated with midazolam or propofol as per the patient's requirement in ICU. All patients received ventilatory support during this study using a swivel angle connector with a perforated "bullet" that allows the passage of the sNB-BAL catheter. The sNB-BAL catheter ( Figure 1 ) is a purpose-designed 56 cm long, 12 Fr gauge flexible catheter made of polyvinyl chloride (Indoplas Pty Ltd, Sydney, Australia, Cat No. 135.12.066, cost $A0.70). Each procedure was done by one of the two authors (SA, CL).
The operator used a no-touch, washed hand, sterile gloved technique. Four 20 ml syringes were filled with room temperature sterile isotonic saline. The sealed angle connector bullet on the endotracheal tube was cleaned with alcohol. The syringe-connector end of the catheter was exposed by the "peel away technique" to expose the proximal catheter tip from the packaging and the syringe containing 20 ml saline was attached ( Figure 2 ). The distal catheter tip was similarly exposed and the catheter was gently advanced through the bullet on the endotracheal tube in blind manner, until a resistance was encountered representing a wedged position. External sterility was maintained by "peeling away" the wrapper as the catheter was advanced. Saline 0.9% 20 ml was flushed with the syringe through the catheter and suction was applied with the syringe plunger to withdraw the NB-BAL fluid (Figure 3 ). A typical sample had a volume of about 7 ml, i.e. one third of the instilled volume. This process was performed four times, each time advancing the same catheter until it was wedged and the process of injecting saline and withdrawing fluid, i.e. total 80 ml 0.9% saline used. The washings were placed in a yellow-topped specimen jar (without any preservative) and sent immediately to the microbiological laboratory for processing. 13 
NB-BAL IN MICROBIOLOGICAL DIAGNOSIS OF PNEUMONIA

Microbiological Processing
Microbiologists who performed the cultures of NsETA and sNB-BAL were blinded to the clinical picture of the patients. sNB-BAL samples were processed in the microbiology laboratory using a 10 µl calibrated loop, streaked on to nalidixic acid agar, chocolate agar and chromogenic plates. Samples were incubated for 24 and 48 hours in 5% CO 2 . Interpretation of semi-quantitative cultures was done by the method described by Baselski and Wunderink 36 . Identification and antimicrobial sensitivity were performed on isolates with pure or predominant growth of more than 10 4 CFU/ml of sample. Legionella, mycobacteria or virus were not routinely cultured unless specifically requested. A manual microscopic count of cells was done on BAL fluid using standardized techniques 36 . A quantitative threshold of >10 4 CFU/ml, as was previously validated for bronchoscopic BAL fluid, was used for sNB-BAL 13, 38, 42, 51 . Prominent growth suggestive of known relevant pathogens was considered significant. Endotracheal aspirates were not quantified as the quantitative and semi-quantitative technique for ETA specimens has not been standardized and the concentration of recovered bacteria that is diagnostic of pneumonia has not yet been established 40, 54, 57 . The NsETA specimen was considered as insignificant if there was no dominant organism represented in Gram stain or on culture and if a polymicrobial mixture representative of normal respiratory flora including yeast was cultured. This is standard procedure in this laboratory for all such specimens including sputum specimens. Colonization was defined as: a. presence of normal respiratory flora or yeasts for NsETA specimens. b. presence of any organisms in a concentration <10 4 CFU/ml for sNB-BAL specimens. A sample taken by sNB-BAL was considered colonized if an organism was grown at concentration <10,000 CFU/ml or if a polymicrobial mixture of normal respiratory flora including yeast was cultured. This definition of colonization has been previously reported 16, 31, 59 .
Post sNB-BAL Observations
Oxygen desaturation, bleeding, change in heart rate, cardiac rhythm or mean arterial pressure observed during or immediately after the sNB-BAL was noted. ABG results including P a O 2 /FiO 2 ratio were recorded from routine blood samples taken within an hour before and one hour after the sNB-BAL procedure. Student's t-test for paired values was used and P values were calculated.
Ventilator settings immediately prior to and following the procedure were recorded. sNB-BAL results, tracheal aspirates, other culture results and any simultaneous bronchoscopic BAL or lung biopsy results were recorded.
Statistical Analysis
Results of microbial cultures of NsETA and sNB-BAL were categorized into true positives, false positives, true negatives and false negatives. An sNB-BAL specimen was considered true positive if there was isolation of >10,000 CFU/ml of a potential pathogen in a patient with clinico-radiological criteria for pneumonia and false positive if there was isolation of >10,000 CFU/ml in a patient without clinicoradiological criteria for pneumonia. A culture that met the definition of colonization (i.e. concentration <10,000 CFU/ml or a polymicrobial mixture of normal respiratory flora including yeast in any concentration) was considered negative. Sensitivity was defined as the proportion of positive diagnostic test (NsETA or sNB-BAL) results in all the patients who met the clinical and radiological criteria of pneumonia. Specificity was defined as the proportion of negative test results in all the patients who did not meet the criteria for pneumonia. Approximate 95% confidence intervals (95%CI) for these measures were estimated using the normal approximation to the binomial distribution 8 . Comparisons between diagnostic test methods were made by comparing the 95% CI for measures of diagnostic test performance. Where these overlapped, it was assumed that there was no significant difference between the performances of the two tests. Colonization rates for NsETA and sNB-BAL were compared using Fisher's Exact test and a P value <0.05 was considered significant.
RESULTS
A total of 100 episodes(males=56, females=44) in 82 patients were studied. These included 49 episodes without pneumonia and 51 episodes with pneumonia. The mean age was 54.3 years (range 15 to 89 years) and the mean APACHE II score was 22.7 (range 14 to 38). There were 21 cases of VAP, 12 HAP and 18 CAP. Table 1 lists the underlying diseases in the patients included in the study. Table 2 shows the organisms recovered from sNB-BAL procedure from 49 patients with positive sNB-BAL. The non-significant colonization rates of NsETA and sNB-BAL were found to be 62% and 22.5% respectively. Table 3 shows organisms isolated by NsETA only, by sNB-BAL only and by both NsETA and sNB-BAL (concordant). Table 4 shows the effect of prior antibiotic therapy on sNB-BAL cultures in patients with pneumonia. Table 5 shows NsETA/sNB-BAL findings, com- 15 NB-BAL IN MICROBIOLOGICAL DIAGNOSIS OF PNEUMONIA pared with pneumonia diagnosed by the clinicoradiological criteria. Table 6 shows sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), likelihood ratio of a positive test (LR+) and likelihood ratio of a negative test (LR-) of sNB-BAL and NsETA in diagnosis of pneumonia in mechanically ventilated patients.
The average volume of fluid recovered by the sNB-BAL procedure was 28 ml (range 16 to 36 ml). In two out of 100 episodes of sNB-BAL, the sNB-BAL catheter could not be wedged. One of these cases was in the pneumonia group and the other in the control group. Blood cultures were positive in two out of 51 patients with pneumonia (E.coli in two cases-one VAP and one HAP) and in one out of 49 patients without pneumonia (Serratia marcescens).
DISCUSSION
The present study of NsETA and sNB-BAL of 100 episodes in 82 ventilated patients including 51 episodes of pneumonia revealed that sNB-BAL is more specific than NsETA in the microbiological diagnosis of pneumonia in ventilated patients. The sensitivity of NsETA (84%) was more than sNB-BAL (71%) in the microbiological diagnosis of pneumonia in ventilated patients but this difference was statistically not significant (95% CI NsETA=0.71 to 0.93, sNB-BAL=0.56 to 0.83). However, the sample size was too small and a larger sample would be needed to declare a difference in sensitivity. On the other hand, the specificity of sNB-BAL (73%) was more than NsETA (35%) and this difference was statistically significant (95% CI NsETA=0.22 to 0.50, sNB-BAL=0.59 to 0.85). This is consistent with findings of recent investigations from several groups 16, 18, 28, [52] [53] [54] 57, 60 . The difference in specificity in this study is mainly due to less contamination in the sNB-BAL group as the colonization rate of NsETA was significantly higher (62%) compared to sNB-BAL (22.5%) (P<0.0001). However, there was relatively low power to detect a difference in sensitivity or specificity in the relatively small sample available to us. Specificity, in this study, is the proportion of truly pneumonia-free subjects who have a negative test result. A more specific test is one in which a negative test result is less likely to be a false negative, so a decision to not treat because of a negative test result is less likely to be in error. Table 5 shows that of the 49 patients who did not truly have pneumonia, 32 would have been unnecessarily treated if the NsETA test result were used to guide treatment compared with only 13 who were positive by sNB-BAL. Table 6 shows that sNB-BAL has a larger LR+ and a slightly smaller LR-value than NsETA. The likelihood ratio allows the clinician to convert the pre-test probability of a patient into a post-test probability. In our sample, about half (51%) of the patients truly had pneumonia by the criteria we used. If a positive test has been obtained, the prior probability is multiplied by the LR+ while the LR-is used when a negative test result is obtained. Particularly in the situation of a positive test, sNB-BAL makes a larger difference to the prior probability than NsETA since the likelihood ratios are further away from 1.0. This suggests that it may be a more informative test clinically.
Colonization of the endotracheal tube is recognised to occur quickly and almost universally 13 . The findings in the present study are consistent with the previous studies which found a sensitivity of NB-BAL for diagnosing pneumonia from 66 to 100% and the specificity from 66 to 91% 18, 24, [30] [31] [32] [33] 42 . Torres et al 30 found the sensitivity of bronchoscopic technique (66%) similar to one with non-bronchoscopic technique using the Metras catheter (Rusch, Waiblingen, Germany) (61%). Specificity was 100% with both techniques confirming that both methods largely avoid contamination by bacterial colonization of upper airways. Using simple protected brush, Ha-Pham et al 32 obtained a sensitivity of 64.7% and a specificity of 93.5%. Chastre and co-workers 18 using quantitative cultures showed that telescoping plugged catheters in mechanically ventilated patients with bacterial pneumonia had a sensitivity of 100% and a specificity of 60%. The specificity increased to 87% if patients without prior antibiotics were analysed alone. Rouby et al 33 analysed 51 distal bronchial samples in the control group and 30 in the histologically proved pneumonia group by protected bronchial lavage and found a sensitivity of 80% and specificity of 66% in diagnosing nosocomial pneumonia.
The results of NsETA and sNB-BAL were con- 51, 57, 58 . Quantitative and semi-quantitative bacteriology of NsETA samples has also been used with promising results, but the technique for obtaining such specimens has not been standardized and the quantification of recovered bacteria that is microbiologically diagnostic of pneumonia has not yet been established 40, 54, 57 .
The relative frequency of various potentially pathogenic organisms varies with the setting in which the infection was acquired, e.g. community, hospital or ICU. In the present study, Gram negative bacilli and Staphylococcus aureus accounted for most of the cases of VAP and HAP. These findings are consistent with previous studies 1, 29, 43, 51 . Microaspiration of a small volume of oropharyngeal secretions previously colonized with potentially pathogenic organisms is the most common route of entry into the lower respiratory tract 1,2 . There was a high incidence of polymicrobial cultures (28.5%) in this study. The aetiology of pneumonia was polymicrobial in up to 50% of ventilated patients in previous studies 1, 29, 43, 45, 59 . Pugin et al 27 and Johanson 5 reported a very high incidence (87%) of polymicrobial cultures in patients with VAP.
We evaluated the effect of prior antibiotic therapy on the culture results in patients with pneumonia. There was a high incidence (74%) of prior antibiotic therapy in patients with pneumonia. Eighty-three per cent (34 out of 41) patients with pneumonia and prior antibiotic therapy had positive sNB-BAL cultures while 50% (five out of 10) patients with pneumonia and no prior antibiotic therapy had positive sNB-BAL cultures. Although the observed proportion was slightly lower in the group not previously exposed to antibiotics, the comparison was not statistically significant (95% CI of antibiotic group=0.68 to 0.92 and of no antibiotic group=0.19 to 0.82). Our ability to detect a real difference was poor because the small sample of patients with pneumonia afforded relatively little statistical power. Marquette et al 35 and Gaussorgues and co-workers 46 also reported that antibiotics did not interfere with the ability of direct examination of PSB specimens in cases of VAP. However, many other workers 29, 38, 39, 49 observed that prior antibiotic therapy alters the sensitivity and specificity of any lower airway sampling technique.
The sNB-BAL procedure was well tolerated in all the patients studied with no significant difference in P a O 2 /FiO 2 ratio (P value=0.28), heart rate (P value =0.31) and mean arterial pressure (P value=0.11) before and after the procedure.
None of these patients had significant haemodynamic instability or arrhythmia related to the sNB-BAL procedure.
Microscopic analysis of the NB-BAL may provide rapid identification of patients with pneumonia. A total cell count should be performed on an unfractionated, uncentrifuged specimen using a haemocytometer counting chamber. BAL specimen should then be centrifuged and stained with Wrights-Giemsa's stain for differential cell count (squamous epithelial cells, alveolar macrophages and neutrophils). Presence of more than one percent squamous epithelial cells is evidence of oropharyngeal contamination 41 . BAL should also be stained with Gram's stain to determine morphological features and percentage of intracellular organisms. Various studies have used different thresholds ranging from 2 to 25% for detection of intracellular organisms 40 .
Blind methods through the endotracheal tube have been as accurate as guided methods due to the anatomical distribution of VAP (diffuse, bilateral and predominantly affecting the dependent lung zones) 40, 62 . Autopsy studies indicate that VAP is frequently disseminated into each pulmonary lobe 45 and involves predominantly the posterior portion of the lower lobes 33, 38 . Johanson and colleagues 5 evaluated the quantification of bacteria in BAL fluid for the microbiological diagnosis of pneumonia in a baboon model and reported no significant difference in the bacteriologic findings when sampling was done in different sites. Pugin et al 27 also reported that the bacterial index calculated from B-BAL and NB-BAL fluids was unaffected by the site of BAL sampling. In ventilated patients bacteriology and cellularity are similar bilaterally in all pulmonary lobes and both lungs even when a localized infiltrate is present on the chest X-ray 27 . Catheters when placed blindly most frequently go to the dependent lobes 13, 44 . This may explain the good sensitivity and specificity of a blind sampling BAL technique in diagnosis of VAP. However, there are no previous studies to assess the accuracy of blind BAL methods in diagnosis of CAP.
Blood cultures have both diagnostic and prognostic value and can isolate the aetiological pathogen in 8 to 20% of all patients with HAP, defining a population at risk for a complicated course if the results are positive 61 . In this study blood cultures revealed the same organism as the sNB-BAL in 2/51 patients with pneumonia and 1/49 patients without pneumonia. Previous studies reported that only 10 to 15% of patients with pneumonia have bacteraemia and less than 10% have culture-positive pleural fluid 56 . Low incidence of positive blood culture in our study may be due to prior antibiotic therapy in 74% of the patients with pneumonia.
The evaluation of the results of different studies on pneumonia in ventilated patients is problematic as there is no universally accepted gold standard diagnostic procedure, with sensitivity and specificity close to 100%, for the microbiological evaluation of a ventilated patient with pneumonia 63 . Transbronchial biopsy, transthoracic blind needle biopsy and open lung biopsy are highly specific methods but all lack sensitivity to some degree 37 . Because it is clinically difficult to establish a true microbiological diagnosis of VAP, most of the published studies have been made in patients with suspected VAP based on clinico-radiological criteria. In this study we included similar clinico-radiological criteria used by others 5, 28, [30] [31] [32] 47, 49, 51 . Several investigators have suggested that the only reliable gold standard is the presence of pneumonia in the histopathological examination of the lung 29, 40, 41 . However, these techniques have increased morbidity and mortality and cannot be recommended as routine diagnostic procedures.
The clinico-radiological criteria used for diagnosis of pneumonia have their own limitations. Given the stringent clinico-radiological selection criteria, most clinicians would still treat a patient who fulfilled these criteria irrespective of the microbiological result. On the other hand, in a patient with no qualifying clinicoradiological criteria for pneumonia, most clinicians would treat those patients in whom a potential pathogen was isolated. The potential main advantage of sNB-BAL is the clinical utility of the technique for individual patients and for the ICU in general, for provision of more specific microbiological results on which to base therapy of pneumonia in ventilated patients. However further studies are required to show if sNB-BAL helps to reduce the antibiotic prescribing costs , reduce proliferation of multi-resistant organisms by better prescribing and improve the outcome of pneumonia in ventilated patients.
In summary, this study concludes that standardized non-bronchoscopic bronchoalveolar lavage is a safe, simple, effective, sensitive, specific and inexpensive procedure for the serial evaluation of pneumonia in mechanically ventilated patients. This procedure is more specific than non-specific endotracheal aspirate in the microbiological diagnosis of pneumonia in mechanically ventilated patients with significantly lower colonization rates compared to the latter. Moreover, non-bronchoscopic sampling can be performed by medical and paramedical intensive care staff, is available 24 hours a day and is feasible even in patients with significant hypoxaemia where bronchoscopy may be hazardous. Standardized, clinically relevant, semi-quantitative microbiological culture with standardized non-bronchoscopic bronchoalveolar lavage specimens is now possible to be reported as CFU/ml. We recommend this standardized non-bronchoscopic bronchoalveolar lavage procedure be performed on mechanically ventilated patients with accepted clinico-radiological criteria of pneumonia. The use of standardized non bronchoscopic bronchoalveolar lavage in retrieving adequate endobronchial specimens processed by quantitative cultures may replace the non-specific endotracheal aspirate as a diagnostic procedure for the evaluation of pneumonia in ventilated patients.
